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PREFACE

This study report for the Tug Program is submitted by the McDonnell Douglas
Astronautics Company (MDAC) to the Government in partial response to Contract
Number HAS8-29677.

The current results of this study contract are reported in eight volumes:

Volume 1 — Summary, Program Option 1

Volume 2 — Summary, Program Option 2

Volume 3 — Summary, Program Option 3
These three summary volumes present the highlights of the comprehensive data
base generated by MDAC for evaluating each of the three progrem options. Zach
volume summarizes the applicable option configuration definition, Tug perform-
ance and capabilities, orbital and ground operations, programmatic and cost
considerations, and sensitivity studies. The material contained in these three
volumes is further summarized in the Data Dump Overview Briefing Manual.

Volume 4 — Mission Accomplishment. (3 Books and 1 Supplement Bound
Together)
This volume contains mission accomplishment analysis for each of the three
program options and includes the tug system performance, mission capture, and
fleet size analysis.

Volume S5 — Systems (3 Books)
This volume presents the indepth design, analysis, trade study, and sensitivity
technical data for each of the configuration options and each of the Tug systems
i.e., structures, thermal, avionics, and propulsion. Interface with the Shuttlie

and Tug payloads for each of the three options is defined.



Volume 6 — Operations (3 Books)
This volume presents the results of orbital and ground operations trades and
optimization studies for each option in the form of operations descriptions,
_ time lines, support requirements (GSE, manpower, networks, etc.), and resultant

costs.

Volume 7 — Safety (3 Books)

This volume contains safety information and data for the Tug Program. OCpecific
safety design criteria arplicable to each option are determined and potential
safety hazards common to all options are identified.

Volume 8 — Programmatics and Cost (3 Books)
This volume contains summary material on Tug Program manufacture, facilities,
vehicle test, schedules, cost, project management SR&T, and risk assessment for

each option studied.

These volumes contain the data required for the three options which were

selected by the Government for this part of the study and are defined as:

A. Option 1 is a direct development program (I.0.C.: Dec 1979). It
emphasizes low DDT&E cost; the deployment requirement is 32Y00 pcunds
into geosynchronous orbit, it does not have retrieval capauility,
and it is designed for e 36-hour mission. MDAC has also prepared
data for an alternative to Option 1 which deviates from certain

requirements to achieve the lowest practicable DDT&E cost.

B. Option 2 is also a direct development program (I.0.C.: 1983). It
emphasizes total program cost effectiveness in addition to low DDT&E
cost. The deployment requirement is 3500 pounds minimum into geosyn-

chronous orbit and 3500 pounds minimum retrieval from geosynchronous
orbit.

C. Option 3 is a phased development program (I.0.C.: 1979 phased to
I.0.C. 1983). It emphasizes minimum initial DDT&E cost and low total
program cost. The initial Tug capability will deploy a minimum of




3500 pounds into geosynchronous orbit without retrieval capability,
hovever, through phased development, it will acquire the added
capability to retrieve 2200 pounds from geosynchronous orbit. The
impact of increasing the retrieval capability to 3500 pounds is
also provided.



INTRODUCTION AND SUMMARY

This Tug, when designed, produced, and operated under the constraints of the
criteria and requirements shown in this volume, will, from a safety stand-
point, be a vehicle well within an acceptable risk level for the Space Shuttle

Programn.

Safety information and data for Option No. 1 of the Tug Program are contained
herein. The intent has been to identify specific safety design criteria
applicable to Option 1, in addition to potential hazards common to all options.
Most of the potential hazards identified are common to all options, and should

not affect the final selection from a safety standpoint.

The Option No. 1 Design Freeze, dated 27 August 1973, as shown in Volume 5,

was used as the basis for this analyses.

The potential hazards unicue to this option are the use of hydrazine in the

ACPS and potaessium hydroxide in the batteries.

A special safety analysis of the tug/orbiter capture and docking characteristics

was performed and the results are shown in Appendix 1,

The analyses for Option 2 are shown in Book 2 of the Safety Volume and
Option 3 in Book 3.
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Section 1
LISTING OF HAZARDS

A composite listing of the hazards identified through performing design,
operational, and interface hazard analyses are shown by Preliminary Hazards

Analysis and the Operational Hazards Analyses which follow in Section k.

The Preliminary System Safety Program Plan, Appendix 2, provides the hazard
clagsifications as applied to the analyses. In addition, interpretation of
the Preliminary Hazard Analyses, Section 4 and the Operational Hazard Analyses,
Section U4 are provided so that correct information could be assigned to the

format categories.

The Operational Hazard Analyses were predicated upon a hazard review check-
list(l) shown as Appendix 3. Each hazard was applied to the subsystem reviewed
to determine its sapplication. In some cases, a specific condition may be

listed as a hazard; in others as a cause or effect.

1. Progressive Qualitative Hazard Analyses, Willie Hammer, AIAA Paper No. 67-935.
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Section 2
OPERATIONAL EVENTS

Identification of hazards is intimately related to the hardware that may
create or be affected by a hazard. It is therefore necessary that the various
subsystems be reviewed to determine whether a hazard will exist and the time

that its adverse effects may be critical.

The operational events considered for the Operating Hazards Analyses covered
the full spectrum of the Tug Program from Preflight Operations through Post-
filight Flow and Refurbishment and addressed themselves to the level deemed most

hazardous.
The events determined to be affected by the identified hazard are noted in the

"Planned Operation' column of the Operating Hazards Analysis, Section b4

for each subsystem analyzed.
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Section 3
HAZARD SEVERITY AND LIKELIHOOD OF OCCURRENCE

The hazard severity was based upon the hazard classification definitions as
noted in the Preliminary System Safety Program Plan in Appendix 2 and is shown
in the third column of the OHA's, Section k.

The likelihood of occurrence of the identified hazards requires a gquantitative
evaluation of the hazard. The quantitative analysis depends on the qualitative
hazard identification so that probabilities of occurrence or damage may be
assigned. The subject of probability of occurrence of some of the hazards
jidentified the Operating Hazard Analyses (OHA) were addressed in the Reliability
studies performed. These are included following the OHA's, Section L.

An estimate of the likelihood of occurrence of hazards can be made by assessing
the driving factor in a probability anelyses, that is the unreliability for the
various components, This was determined during the Relisbility Analysis and is
shown in Column 10 of the Reliebility Analysis Tables shown in Section L of this

document .

Actual probabilities of occurrence of hazardous events for subsystems must be
determined through & comprehensive Fault Tree Analysis where these cursory

estimates can be combined with system complexity and operational characteristics,
Since a detalled Fault Tree analysis could not be performed as part of this

study, only a qualitative assessment using the terms likely, unlikely, and very
unlikely has been performed and is shown in the "Source" column of the OHA's,
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Section 4
PROPOSED HAZARD CONTROL ACTIONS

The end result of the OHA is to provide information leading to possible control
action for the identified hazard. As the source/result of the hazard in its
bPlanned operation was identified, the possible control was established. These

are shown in the last column of the OHA's.

These controls are formally transmitted to the cognizant designer for his

inclusion in the engineering drawings, specifications, and procedures.

The incorporation of these controls and conformance to the criteria and
requirements is verified by System Safety Engineering through the System Hazard
Analysis. This analysis used the various techniques available as deemed best
for the analysis, i.e., checklists, Logic Study Approach, Logic Diagrams,
Design Reviews, Special Safety Reviews, Mathematical Analysis, Fault Hazard
Analysis and Fault Tree Analysis.

The System Hazard Analysis results in either the hezard being closed or being
identified as a residual hazard. A hazard shall be considered closed only if:
A. The hazard has been eliminated through design and design
accanplishment verified, or
B. The hazard has been reduced to an acceptable level (marginal or less)
and reduction has been verified by test, analysis, or suitable
fraining, or
C. The hazard has been assessed and accepted by NASA by separate
submittal of the Safety Analysis Report.

The residual catastrophic and critical hazards that cannot be reduced by the
measures identified will be presented to program management. Design changes,
new technology, and devices will continually be evaluated during the program

toward reduction of these hazards.
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Section 5
SAFETY IMPACT

} As a result of system safety analyses of Tug systems, the design, production,

and operations have been impacted by the following.

5.1 DESIGN

502

A.

D. Identified single point failure of thruster chamber valve either by
leakage or inadvertent operation. Valve design selection changed to
provide two series valves, one normally closed and the other capable
of latching in either the open or closed position.

E. Identified system inhibit and override functions.

F. Incorporate a container for each battery to retain leaked or spilled
electrolyte.

PRODUCTION .

A. Established leak rate levels of GHe for H2 system tests.

B. Provided cursory analyses of refurbishment concepts to ensure
identification of hazardous functions and to reduce exposure to the
hazards; i.e., safing of pressurized systems prior to disassembly,
monitoring for toxic vapors, and testing pressurized systems at levels
acceptable for personal exposure.

C. Cursory analyses of the proposed materials and the fabrication methods

Burst discs and relief valves in the ACPS, pneumatic supply system,

~ambient helium system, and the tank purge system. These systems will

vent to the tug overboard vent system.
Incorpbration of relief valves on the insulation purge bags.
Incorporation of separate shutoff valves for the GHe supply to the

purge bags to preclude cross flow of leaked propellants through the
system.

show no hazards with which MDAC is not already familiar.
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5.3 OPERATIONS

A.

Provided curscry analyses of operational concepts to ensure
identification of hazardous operations and sequencing those operations
to reduce exposure to these hazardous operations; i.e., pressurization
of GHe pressure vessels with a 2:1 design ratio to a level not to
exceed U:1 when operational personnel are exposed; restraints in
storable propellant loading and detanking, etc.

Identified items for crew warning and caution monitoring, hazard
potentials at the tilt-table interface, and at the Tug and Orbiter
hard points.

Determined the quantity of GH2 to be dumped below 110K feet on
reentry.

Determined toxicity levels for hydrazine and established requirements
for monitoring after the monopropellant system is filled.

Assisted in analyzing hazards related to abort and post-landing
recovery.

Performed calculations to determine impact of fluids on the orbiter

bay. These calculations are shown in the following tables.
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BAY OVERPRESSURE
Assume 5 1b helium or 39 1b nitrogen

Gas Const R for He = 3386.3
GN2 = 55.16

PV = WRT

= pregsure rise lb/ft2/lhh = psi
Free bay volume 3 = 6598 tt3
Weight in 1b

= Gas constant

Temperature °R 530°R (70°F)

H o o < 'Y
# "

1. He Pressure Rise (no venting) (1 bottle)

_ _WRT _ 5 (386.3)(530) _
P = YEL) T 6598 (k) - 1-3 psi rise

2. GN, Pressure Rise (no venting) (4 Bottles)

- WRT _ _ (39)(55.16)(530) _ ,
P = J(185Y = “T6598 (1Lb 1.2 psi rise

The Safety in Earth Orbit Study, Vol. II, MSC-OLLTT, SD 72—8A~OO9h—2, page A-36,
para. A.10, "Maximum Tolerable Leak Rate Into Shuttle Cargo Bay", NAR states,
"The maximum tolerable steady state leakage rate into the cargo bay, with doors
closed, is of the order of 2.5 Kg/sec (5.5 1b/sec) for hydrogen and 20 Kg/sec
(45 1b/sec) for air, oxygen, or nitrogen".

The results noted in these calculations are well below the values stated in
the NAR document.
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HYDROGEN LIMITS 1N ORBITER BAY

Approximate bay volume = 61.5 £t x .7854 (15.8)% = 12,054 rt3
Less Tug volume = 26.5 ft x .7854 (15)° = -4,690 rt3
7,364 £t3

Less DSCS II as typ payload=1l.6 ftx.7854(9.2)% =  -766 rt3
Free Volume = 6,598 £t3

Hydrogen flammability limit is 4% at S.L. (by volume)

-~ 6,598 ft3 x .04 = 263.92 ft3 of H,

Hydrogen weighs .0052 1v/t3 @ 68°F, s.L.

oo 0052
263

1.3676 1b .. leakage of 1.4 1b of GH, creates a flammable
atmosphere in the Orbiter bay.

The lower explosive limit of i, is 18% at S.L. (by volume)

3 3

. 6,598 ft° x .18 = 1187 £t~ of H

2
Hydrogen weighs .0052 lb/ft3 @ 68°F, S.L.

3

< 1187 £t3 x .0052 1b/£t> = 6.175 1b

.. Leakage of 6.2 1lb of GH2 creates an explosive atmosphere in
the Orbiter bay
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OXYGEN LIMITS IN ORBITER BAY

Assunme:

1. It is desired to keep the 02 level in the orbiter bay at 5% by volume,
or less.

2. Orbiter bay free volume is 6598 ft3.

Use oxygen gas weight of 0.083 lb/f$3 @ 68°F.
.o 6598

.05
329.9 ft3

0.083 lb/ft3 x 329.9 ft3 = 27.38 1b to give a 5% by volume 02 atmosphere
in the orbiter bay.
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H2 LEAKAGE

HYDROGEN TANK lx 10'"6 sces/rt GHe(l)
169 in. dia
97 in. straight section (assume 3 segments)
TWO CIRCUMFERENCE WELDS: 2x wx D= (2n[169])/12 = 88.5 £t = 90 ft
THREE LINEAR WELDS: (3x97)/12 = 24.25 rt = 25 £t
MISC. WELDS AND ACCESS: 10 £t£/125 ft welds
.. 125 x 10_6 SCCS or 1.25 x 1o‘h SCCS leakage through welds allowed.
Component s 1x 1o'h sccs GHe(l)
Prevalve . 1l
Fill and Drain Valve 1l
Pressurization Valve 1 11 x 1oh 5CCS
Vent and Relief 2 :
Isolation 4
Interface (Vent) 1
Dump Valve 1
11
Couplings 1 x 10”7 sces GHe(l)
Prevalve 1l
Fill and Drain 1l
Pressurization 4
Vent and Relief 1
Isolation 10
Interface 1l
Prop. Util. 2
Dump Valve 1
29
TOTAL LEAKAGE: 1.25 x 1o'h SCCS Welds
11.00 x 1o'h SCCS Components
2.70 x 1o'hisccs Couplings
14.95 x 10~ Sccs
1.495 x 10”3 sces
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TIME:

(From NAS9-14000 - Rockwell - SSV73-h] page 8L)
Prelaunch through P/L deployment
Disconnect ground purge to open doors 34 min.
34k min x 60 sec/min = 2040 sec
Entry through post landing
From reentry to connect ground purge (TD + 30)
42 + 32 = 72 min.
72 min x 60 sec/min = 4320 sec

.. 1.495 x 10”3 x 4.320 x 103 = 6.46 sccC

CONVERSION:

VAPOR DENSITY:

3.531 x 10~° £t3/cc
3.531 x 107 x 6.46 = 2.28 x 10~ pt3

.083 1b/rt> @ LO°R
.083 1b/£t3 x 2.3 x 107 ££3 = 1.91 x 10~° 11
1.91 x 10~° 1b leakage allowable

If we allow 1 x 10-'2 SCCS leakage:

125 x 1072

11 x 1072
27 x 1072

163 x 10~ sccs
1.63 sccs

1.63 SCCS x 4320 sec

3.531 x 10‘2

VAPOR DENSITY:

= TOk2 8cCC

x 7.042 = 24,9 x 102
.2h9 ft3

.083 1b/ft3 @ L0o°R
.083 1b/ft> x .249 £t3 = 2.07 x 102 1b
.02 1b leakage

(1) AFSC DH3-2 Space Vehicles, DN1LE2.
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HYDROGEN DEPLETION AND REENTRY PRESSURE CONDITIONS
FOR THE HYDROGEN TANK

OBJECT: Maintain the internal pressure of the hydrogen tank at 16+l psia

during reentry, landing, and soak.

Thermal conditions of the LH2 tank wall from SOAR II/Tug Thermal Study Final
Report, A3-250-AAAA-M-15, dated 20 February 1973 were as follows:

Temperature (°R)

Start reentry 160°R (warmed by GHe)

Landing 305°F

30 minute soak 300°R (first allowed approach)
2.8 hour soak 410°R (GSE Hookup)

SOLUTION METHOD: Use PV = WRT vhere:
P is pressure in 1b/ft2 x 1hY in.2/ft2 = psia
3

= 2078 ft3 LH, tank

V i8 volume in ft 2

W is weight of gas in 1b

R is gas constant = T66.8 for H,
386.3 for He

T is temperature in °R

SOLUTION: It is intended that the LH2 tank pressure be maintained at 16:; psia

during reentry, landing, and soak by venting to atmosphere as required.

In order to preclude liquefaction of air on the exterior of the LH2 tank, most

of the residual LH, will be dumped to vacuum. It is intended to bleed the H,

2
tank to 3 psia. This value is well above the triple point pressure of 1 psia
and should preclude the formation of H2 ice in the tank, and the tank will be

wvarmed to 160°R by the addition of approximately 48 1b of GHe.
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The quantity of H2 vapors which remain in the tank after dumping the 3 psia
is determined as follows:
1. H2 retained
PV = WRT
where
P=3 lb/in.2 x 1hh 1b/ft2 =
v = 2078 rt>
Ww=21

R = T66.8

-3
L]

29°R

then

PV _ (3)(14))(2078) _

=
]

use: L0 1v Hz

The addition of the GHe to warm the tank then creates the following environ-

ment within the tank.

W, R T
. _He He _ (48)(386.3)(160) _
Phe ™ “Vx1lh = 207Bx1bb = 9.9 psi
W T
P = }12“}12 = (40)(766.8)(160) _ ..\ .4
H,  Vxibk 2078x1LL 3P
PT - PHe + PH2 = 9,9 + 16.4 = 26.3 psi
The total gas weight is then H, + GHe = 40 +48 = 88 1b gas of which the percent
split is
Lo

35 = 45.5 percent H,

%% = 54,5 percent GHe
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It is necessary to vent this pressure to 15 psia to achieve the desired
internal pressure prior to reentry.

.% partial pressure of He = 15 x .,595 = 8.2 and

partial pressure of H, = 15 x .455 = 6.8

" Then
b - FREL RO
", P;;hbxv '6%gé}g:16§ P66 1
TOTAL = 56.3 1v

The amount of gas dumped prior to reentry then becomes

88 1b - 56.3 1b = 31.7 1b with the H, gas equal to 23.k 1b.

2. Upon reentry and landing, the temperature of the tank wall increases to

305°F. In order to maintain 15 psia, it will be necessary to vent to the

atmosphere.

(8.2)(1kk)(2078) _
¥ie = 7386.3)(305) 20.8 1v

(6.8)(1kk4)(2078) _

29.5 1b

Therefore, it will be necessdry to vent the following during descent.
56-3 1b - 29.5 1b = 26.8 1b with the H, gas equal to 7.9 1v,

At the end of the first 30 minute soak period, the temperature remains fairly -

stable and no additional venting is anticipated. However, the 2.8 hour socak

prior to GSE hookup requires that we retain the following:

(8.2)(14k)(2078) _
Yo 135%.3516107 15.5 1b
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W o(6:8)(1kb)(2078) _

H, = (766.8)(k10)  ~ 6.5 1b

22.0 1bv
Therefore, it will be necessary to vent as follows:

29.5 1b - 22.0 1b = 7.5 1b with the H2 gas equal to 2.2 1p.

The total H2 to be dumped into the atmosphere after reentry is 10.1 1b or
at .0052 lb/ft3 is equal to

l———-—%'o652 = 3000 f£t3 H, exhausted at ambient temperature and pressure.
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HYDRAZINE

Anhydrous hydrazine is a powerful reducing agent, particularly with acids,
oxidizers, and organic substances. After long exposure to air or short sudb-
Jection to elevated temperatures, it may decompose with explosive violence.
Hydrazine mixes with water and the lower alcohols in al; proportions, but it

is only slightly soluble in other organic solvents.

Prolonged storage of hydrazine at room temperatures in sealed containers results
in only a small release of amonia. However, at high temperatures, hydrazine
decomposes at a different rate, dependent on the temperature, e.g., it first
exhibits decomposition at 320°F and decomposes at the rate of 1.5 to 2 percent
per hour at 392°F and 600 psi. Hydrazine explodes at 491°F after a rapid rise

of decomposition rate.

The flash point of hydrazine is given as 100°F, and the fire point as 14O°F.
The average explosion temperature is approximately LS50°F. Hydrazine is not
sensitive to impact or friction. As an uﬁconfined liquid, it is not very
sensitive to a static spark; it withstands sparks of 12.5 joules at room
temperature. Hydrazine vapor, when sparked at 212°F, explodes with a yellow
flame. In contact with organic materials, such as wool and rags, hydrazine
may burn spontaneously. Metallic oxides, such as iron, copper, lead,

manganese, and molybdenum will start spontaneous combustion.

The lower limit of inflammability is L.7 percent by volume of hydrazine
vapor in air; the upper limit is 100 percent. In nitrogen and helium

atmosphere, the lower limits are 38 percent and 37 percent, respectively.
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Anhydrous hydrazine attacks natural rubber, cork, mild steel, and most other
common metals, but polyvinyl chloride, polyisobutylene, and asbestos are
resistant at ambient and high temperatures. Inconel appears to be the most

resistant metal.

The environment anticipated in the orbiter bay during reentry shows an entry
and post landing payload bay wall temperature of 200°F maximum. The minimum

estimated free volume in the bay is 6598 ft3.

Calculations for determining the amounts of hydrazine required to create an

explosive atmosphere and one that is toxically hazardous are shown below.

1. Determine the pounds of hydrazine to reach the lower flammability (or
explosive) limits in air at 212°F of 4.7 percent by volume.
Assumptions: Free volume of the bay is 6598 rt3.
Entry and Post Landing Temp. = 200°F.
Dry air at 200°F = .0545S lb/ft3.
Pressure = 1L4.7T psi.
Gas Density Relative to Air = 1.1
Then:

6598 ft3
L] 0‘47

L6186
26392

310.106 £t

3

310 ft~ x .0545 lb/ft3 x1l.1 =

310 x .05995 1b = 18.58 1b hydrazine required to create explosive atmosphere.

This is equivalent to 0.29 ft3 of hydrazine liquid.

For a nitrogen inerted atmosphere, the value is 210 1b or 3 3 ft3 of

hydrazine liquid. -
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2. Determine the amount of hydrazine spilled/leaked in the orbiter bay to
give the atmosphere a Threshold Limit Value (TLV) of 1.3 Mg/M3. (TLV =
allovable exposure for 8 hr/day, 5 days/week.)

3

Assumptions: Free volume of bay is 6598 ft~ or 186.9 M3

Pressure - 1k.7 psi.

o 186.9 M3 x 1.3 Mg/M3 = 2k2.97 Mg
242,97 Mg of hydrazine in the bay causes the toxicity level to
be at the TLV.

Then:

2k2.97 Mg
-]W-—ME%' .24297 grams

and

.2hk29T gms x .03527 oz/gm = 8.5T7 x 1073 oz

In the event of leakage in the closed bay, the hydrazine vapors could also enter
the payload motor nozzles in a reverse direction. This would expose the hydra-
zine vapors to the catalyst and could cause decomposition of the hydrazine

with resulting high temperatures.

Ref: Rocket Propellant Handbook, Boris Kit and Douglas S. Everd, 1960
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VOLUME OF GAS IN PURGE BAGS

Volume of gas in L02 tank purge bag
LO2 tank surface area = 390 ft2
For radiation type use 3 in. free volume height
Radiation: 390 x 3/12 = 97.5 re3
97.5 = .083 = 8.09 1b 602

97.5 x .0103 = 1.0 1b GHe

Volume of gas in LH2 tank purge bag

LH, tank surface area = T6k £t°
For radiation type use 3 in. free volume height.
Radiation: T6h x 3/12 = 191 f£t>
191 x .0052 = .99 1b GH2
191 x .0103 = 1.96 1b GHe

Previous calculations for hydrogen limits in the orbiter bay show that 1.4 1b
of GH2 creates a flammable atmosphere in the orbiter bay. It appears that the
maximum that could be dumped by a purge bag rupture is .99 1b which is well

below the quantity required to create a flammable atmosphere in the orbiter bay.
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PRESSURE RISE FOR MONO BLOWDOWN GN? HEAD PRESSURE

1. Determine the pressure rise of the GN? in the monopropellant blowdown
N?Hh tenks on a "no usage” basis.
Assumptions:

Maximum operating pressure: 360 psi

Temperature at fill: 530°R (70°F)

Temperature at full heat soak: 660°R (200PF)

Burst disc rupture at: L00 psi

Relief valve cracks at: 400 psi

GN2 vents to the H2 vent

Use:

Where:
! P, is start pressure, psi = 360°R
v K is start volume = V2K is end volume
T. is 530°R
T is 660°R

P, is8 maximum pressure reached without relief.

N N~

P.T

= (360) (660) = L8 psi

Pa 530

This pressure would cause disc rupture and GN, venting to the relief valve

pressure settings.



PRESSURE RISE FOR THE PNEUMATIC GHe SYSTEM

1. Determine the pressure rise of the GHe in the pneumatic system
tank on a "no usage" basis.
Assumotions:

Maximum operating pressure: 3100 psi

Temperature at fill: 530°R (70°F)

Temperature at full heat soak: OGG0°R (200°F)

Burst disc rupture at: 3410 psi

Relief valve cracks at: 3410 psi

GN,, vents to the H2 vent

2
Use:
Plle ) P2V2K
Tl 2
Where:
Pl is start pressure, psi = 3100 psi
le is start volume = V2K is end volume
T, is 530°R
T, is 660°R
P2 is maximum pressure reached without relief.
1
P, = (3102;8660) = 3860 psi

This pressure would cause disc rupture and GHe venting to the relief valve

pressure settings.
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PRESSURE RISE FOR AMBIENT HELIUM PRESSURIZATION SYSTEM

1. Determine the pressure rise of the GHe in the ambient helium pressurization
tanks on a '"no usage" basis.
Assumptions:

Maximum operating pressure: 3100 psi

Temperature at fill: 530°R (T70°F)

Temperature at full heat soak: 660°R (200°F)

Burst disc rupture at: 3410 psi

Relief valve cracks at: 3410 psi

GCHe vents to the H_, vent

2
Use:
K K
PlV1 ) P2V2
T T2
Where:
P1 is start pressure, psi = 3100 psi
VlK is start volume = V2K is end volume
T, is 530°R
T, is 660°R
P2 is maximum pressure reached without relief.
p = L2
2 T1
(3100)(660) _ .
P, = 530 = 3860 psi

This pressure would cause disc rupture and GHe venting to the relief valve

pressure settings.
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PRESSURE RISE FOR THE TANK PURGE GHe SYSTEM

1. Determine the pressure rise of the GHe in the tank purge .
tanks on a "no usage" basis.
Assumptions: .
Maximum operating pressure: 3100 psi
Temperature at fill: 530°R (70°F)
Temperature at full heat soak: 660°R (200°F)
Burst disc rupture at: 3410 psi
Relief valve cracks at: 3410 psi
GN, vents to the H, vent

, 2 2
Use:
K K
P1vl -~ P2v2
Tl T
Where:
Pl is start pressure, psi = 3100 psi
VlK is start volume = V2K is end volume
Tl is 530°R
T2 is 660°R
P2 is maximum pressure reached without relief.
P = 1:_1}'_2.
2 Tl
_ (3100)(660) _ .
P, = 530 = 3860 psi

This pressure would cause disc rupture and GHe venting to the relief valve

pressure settings.
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Battery Hazards

One of the identified hazards for Tug batteries is cell overpressurization
vhich could lead to explosive failure of the hermetic seal on aﬁ individuel
cell. Two possible failure causes have been identified. The first is
hydrogen pressure buildup due to cell rapid charge or overcharge. The

second is a possible battery heater failure in the on mode.

Battery cell overcharge is possibleAsince individual cell voltage differerces
can occur and result ih cell over voltage charging. Selecting individual
battery cells made of stainless steel with a burst pressure capability of
1000 psi, and coupled with expected cell pressure levels of 0-100 psi makes
the accident possibility remote. However, ground laboratory testing of
battery sets have caused cell wall bulging due to improper charge/discharge
operation. Therefore, it is recommended that the battery be enclosed in an
hemetically sealed case. As an example, for a 22 cell battery with bdattery
cell free volume at 2.44 cu. in. per cell, the sealed case volume required
to reduce the total volume battery pressure to 500 psi is as follows:
500 spi = T2000 1b/ft2 .
Assume T, = 60°P
PV = WRT
vhere:
P = pressure lb/ft2 = lhh,ooo.lb/ft2 (start)
V = volume £t3 = 2.4k cu. in./cell x 22 - 53.68/1728 = .031 ft>
W = weight of gas 1b =
R = gas constant = T66.8

T = temperature °R = L60° + 60°F = 520°F

521



S BV _ 184000 x 031 _ ;15 . 102 1 H

W=Rr" T8.8 x 520 2
Then:

_ WRT _ 1.12 x 766.8 x 520 _ 3
V=" = 72000 = .062 ft

Therefore, the container should provide an additional volume of .062 ft3.

®Alternate protection measures include battery redesign to incorporate recom-
bination electrodes, cell pressure relief, cell voltage monitors, and cell
pressure monitors. Review of these possibilities indicates further development

effort is required for all but the pressure relief valve option.
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Section 6
RESIDUAL HAZARDS AND RATIONALE FOR ACCEPTANCE

The residual hazards identified to date are corrosion, fire explosion,

pressure, and toxicity.

Corrosion

Two fluids to be carried aboard the Tug are considered corrosive. They are
hydrezine, used in the ACPS, and potassium hydroxide, used as the electrolyte
in the barriers.

Rationale for Acceptance
Hydrazine -- The ACPS system design precludes leakage which can cause corrosion

by providing a pressure and leakage tested system, series redundant shut off
valves, and a vent burst disc and relief valve which vents to the hydrogen
vent line. In addition, monitoring for hydrazine wvapors will be accomplished
after propellent loading and through all phases of the operations deemed to

be hazardous by the presence of hydrazine.

Potassium Hydroxide -- Battery system leakage which can cause corrosion will be
precluded by selecting battery cells which will contain the electrolyte in all
modes and by providing a container afbund the battery to retain spilled
electrolyte.

Explosions
Explosions may occur from three sources aboard the Tug; hydrogen, hydrazine, and

pressurants.

Rationale for Acceptance

The conditions under which explosions could result from these materials are

shown in calculations in Section 5 of this document.
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Fire

Materials sboard the Tug which can be considered as fuel are hydrogen, hydra-

zine, thermal insulation and purge bag, wiring insulation, and bonding resins.

Hydrogen
Hydrogen is the prime propellant on the cryogenic Tug. In addition, hydrogen
gas can be created by dissociation of the battery electrolyte during battery

charge.

Raticnale for Acceptance

The design of the hydrogen system will be such that leakage of H2 into the
orbiter bay will be limited to a value well below the LEL for the volume in
question. In addition, the orbiter bay will be inerted with GN2.
The quantity of H2 generated by the battery when compared to the quantity of
prime propellant is not a significent amount, however, the hazard must be
addressed.

The contained around the battery to retain spilled electrolyte will also
provide conteinment for generated H2.

Thermal Insulation

The thermal insulation consists of Dacron netting, aluminized Mylar sheeting,

and a Kapton coated with Teflon and aluminum purge bag.

Material Flammability Characteristics
Mylar-aluminized slow to self-extinguishing
Dacron slow to self-extinguishing
Kapton self extinguishing

Teflon nonflammable

Rationale for Acceptance

Three things are necessary for a fire to occur; i.e., fuel, oxygen, and ignition.
As general design criteria, sources of ignition will be eliminated by correct

design of electrical equipment. The atmosphere will be GN_, during the launch

2
phase and oxygen will be limited to leakage from the LO2 system and that O2 in

alr during reentry.
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The flammability characteristics noted show that Kapton and Teflon should not
be considered as fuels. The Mylar and Dacron must be considered, and further
study is required on these materials prior to final acceptance. It would,
however, require a double failure to create a fire situation.

Wiring Insulation
VWiring insulation must be considered as a potential fuel in the fire triangle.

Rationale for Acceptance

Prudent selection of wiring insulation from approved materials will preclude
this hazard.

Bonding Resins
Bonding resins must be considered as a potential fuel in the fire triangle.

Rationale for Acceptance

Prudent selection of resins from approved materials will preclude this hazard.
In addition, the quantity used is limited.

Hydrezine

Anhydrous hydrazine is a powerful reducing agent, particularly with acids,
oxidizers, and organic substances. After long exposure to air or short sub-.
Jection to elevated temperatures, it may decompose with explosive violence.

Hydrazine mixes with water and the lower alcohols in all proportions, but it
is only slightly.

Prolonged storage of hydrazine at room temperatures in sealed containers results
in only a small release of ammonia. However, at high temperatures, hydrazine
decomposes at a different rate, dependent on the temperature, e.g., it first
exhibits decomposition at 320°F and decomposes at the rate of 1.5 to 2 percent
per hour at 392°F and 600 psi. Hydrazine explodes at 491°F after a rapid rise
of decomposition rate.
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The flesh point of hydrazine is given as 100°F, and the fire point as 1LO°F.

The average explosion temperature is approximately 450°F. Hydrazine is not
sensitive to impact or friction. As an unconfined liquid, it is not very
sensitive to a static spark; it withstands sparks of 12.5 joules at room
temperature, Hydrazine vapor, when sparked at 212°F, explodes with a yellow
flame. In contact with organic materials, such as wool and rags, hydrazine

may burn spontaneously. Metallic oxides, such as iron, copper, lead, manganese,

and molybdenum will start spontaneous combustion.
The lower limit of inflammebility is L4.T percent by volume of hydrazine vapor
in air; the upper limit is 100 percent, 1In nitrogen and helium atmosphere,

the lower limits are 38 percent and 37 percent, respectively.

Rationale for Acceptance

The ACPS system design precludes leakage which can cause fire by providing a
pressure and leakage tested system, series redundant shut off valves and a

vent burst disc and relief valve which vents to the hydrogen vent line. 1In
addition, monitoring for hydrazine vapors will be accomplished after propellant
loading and through all phases of the operations deemed to be hazardous by

the presence of hydrazine.

Calculations which demonstrate the quantity of hydrazine required to create
a hazardous atmosphere show that it would require 18 1b to be distributed into

the bay air environment and 210 1b into a GN2 environment.

Pressure

The residual hazards related to pressure are:

System Medium and Pressure Level
Hydrogen propellant H2 16 psia
Oxidizer O2 16 psia
Pressurization and Pneumatics GHe @ 3000

Tank Purge GHe @ 3000

ACPS GN2 @ 360



Rationale for Acceptance

All systems are protected by relief devices set to relieve at approximately
10 percent above maximum operating pressure. In addition, calculations have
shown that an instant release of the stored volumes will not overpressurize
the orbiter bay.

Toxicity

The substances utilized by the Tug which can be considered to create a toxic
atmosphere are:

Material : Toxicity

GN2 " Simple asphyxiant

GH2 Simple asphyxiant

GHe Simple asphyxiant

002 None

KOH (No levels given: may cause death

or injury after very short
exposure to small quantities)
Hydrazine TLV 1.3 mg/M3

Rationale for Acceptance

When it is possible to have & toxic atmosphere where personnel are involved,

monitoring for safe levels will be provided.

The presence of the simple asphyxiants must be monitored since their
presence in hazardous concentrations is not readily detectable by odor or

reaction.

The battery electrolyte, KOH, will be retained within the container which
encloses the battery.

The potential toxic hazard created by hydrazine leakage is considered to be the
most critical of the substances utilized. It is intended to perform the hydra-
zine loading in the Storable Propellants loading area. Prior to loading a
complete pressure/leak test will be made on the system.



Subeequent to loading, it will be necessary to monitor the system for leakage
through use of leak detectors which sample the surrounding volume for hydrazine

vapors.

Procedural steps will be included in all operating procedures to assure con-

tinual monitoring during all subsequent operations. Specific personnel v
protective measures will be taken during all situations where the Tug is con-

sidered to be in a dynamic condition, i.e., transporting, handling, test, lifting,
mating to the payload, and mating to the orbiter.

After installation into the orbiter bay, the volume will be continuously

monitored for hydrazine vapors.

The ACPS system design precludes leakage which can cause a toxic atmosphere
by providing a pressure and leakage tested system, series redundant shut off
valves and a vent burst disc and relief valve which vents to the hydrogen vent
line. Calculations which demonstrate the quantity of hydrazine required to
create a toxic atmosphere in the orbiter bay show that it would require

0.24 grams to be distributed into the bay air environment to give a TLV of

1.3 Mg/M3.




Section T
SAFETY CRITERIA AND REQUIREMENTS

In addition to the safety criteria and requirements provided in the Data Pack-
age for the Tug Program (shown as Appendix 3 of this document), MDAC has
developed additional requirements. These are displayed as the Possible Con-
trols on the OHA's in Section 4 of this document.

In order to accept the identified residual hazards and assure minimization of
the possibility of creating a hazardous condition, the following identified

safety criteria and requirements must be applied.

Corrosion
Hydrazine:

A. Perform operations in controlled area. Ensure compatibility of
materials and fluids. Do not use trichlor products to clean
titanium parts. Ensure leak test solutions are correctly removed.
Use galvanic chart when selecting materials. Ensure protective
coatings do not react with system fluids. Ensure cleaning fluids
will not be trapped in valves and lines.

B. Provide pressure relief in fill system. Monitor tank pressure.
Provide pressure relief of tank at 10% above maximum operating.
Relieve to closed vent system. |

c. Ensure system integrity prior to propellant loading. Leakage not
to exceed

TBD SCCS valves.

TBD SCCS tenk

TBD SCCS fittings
Design system to minimize points of potential leakage. Ensure
system integrity after loading. '




D. Ensure procedural operations do not allow leakage.
E. Monitor orbiter bay atmosphere. Leskage not to exceed
TBD SCCS valves
TBD SCCS tank
TBD SCCS fittings
Report valve positions prior to retrieval and monitor when in
orbiter bay.
F. Provide series valves whose operational position prevents leakage.
Leak check the system prior to making the system wet. Ensure
valve positions. Upon completion of operations, sample all flanges,
etc., for leaksage.
G. Ensure no inadvertent operational signals are sent to system. Ensure
no inadvertent signals/operations will activate system.
H. Ensure launch loads do not allow leakage through valves. Ensure

latching methods will withstand launch loads.

Potassium Hydroxide
Select battery cells to contain electrolyte in all modes. Provide container

to retain spilled electrolyte and be corrosion resistant.

Explosions
Hydrogen
A. Ensure provisions are made to deactivate systems which can provide
an ignition source on crash impact.
B. Provide pressure relief design to preclude trapped cryogenics.
c. Provide insulation to preclude heat rise effect.
D. Ensure vent to TBD psi does not allow retention of cryogenics as
solids.
. Provide relief valve override,
Leak check system prior to filling.
Inert Orbiter bay prior to filling.

.

Hoe H

. Double seal or weld all connections. Leakage not to exceed
TBD SCCS plumbing

TBD SCCS tank

TBD SCCS fittings




Design to preclude low thermal effects.

Design to eliminate all sources of ignition.

Ensure all confined areas are purged.

Leak check system after chilldown.

Design system to minimize points of potential leakage.

Locate electrical wiring or other potential ignition sources so
that no contact can be made with the leaking fluid.

Start reentry with TBD pounds GHe in tank.

Provide sufficient GHe to establish GH2 volume at TBD percent.
Provide purge to maintain inert atmosphere and clear gaseous
H2 from center shell section.

Provide porting and purging system to ensure complete purge.
Provide detectors to signal H2 presence.

After retrieval to orbiter bay, dump LH2 remaining to space and

vent tank to TBD psi. Close dump and vent system and allow tank to

warm., Vent to TBD psia max. Close vent and fill with GHe. Blow-
down and refill with GHe to TBD psia.

Use a L:1 safety factor for plumbing
Maintain ambient temperature below 110°F,
Ensure provisions are made to deactivate systems which can provide
an ignition source on crash impact.
Vent to H2 vent line.
Provide pressure relief at 10% above maximum pressure.
Leakage not to exceed

TBD SCCS valves

TBD SCCS tank

TBD SCCS fittings
Purge orbiter bay with GN2 prior to launch.
Monitor orbiter bay stmosphere.
Monitor valve positions and report to crew.
Provide series valves whose operational position prevents leakage.
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Fire
Hydrogen

Bl
C.
D.

%!

.

G H O @

Leak check system prior to filling.
Inert Orbiter bay prior to filling.
Double seal or weld all connections.
Leakage not to exceed
TBD SCCS plumbing
TBD SCCS tank
TBD SCCS fittings
Design to eliminate all sources of ignition.
Consider friction sparks, impact sparks, electrical sparks, and
hot objects.
Purge bey and assure all confined areas are also purged.
Leak check system after chilldown.
Design system to minimize points of potential leakage.
Provide pressure relief and bleed to allow for cryogenic
expansion.
Locate electrical wiring or other potential ignition sources so that
no contact can be made with the leaking fluid.
Provide gas detectors to signal hazardous conditionms.
Insure electronic equipment is vapor tight to preclude entry
of LH2 or vapors.
Purge center shell gectijon.
Vent H, to TBD psi and purge with GHe, vent to TBD psi and
pressurize to TBD psi with GHe prior to reentry.
Provide GH2 disposition by a burner system on the ground.
Provide mechanical interrupt for main propulsion ignition system
when installed in orbiter.
Design ignition system to require position crew action for

activation.

Thermal Insulation

A.
B.

Provide thermal protection pads at ACPS rocket plumes.
Ensure insulation is a nonabsorbent material and cannot react
chemically with the LH2.
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Ensure bag material will not rupture when exposed to cryogenic
liquids.

D. Provide purge to create inert atmosphere and maintain thermal
requirements.
E. Select materials which will not support combustion.
Hydrazine
A. Provide soft protective caps over thruster nozzles to preclude
back flow. Caps to blowoff when thrusters operated.
Provide electrical interlocks to prevent inadvertent activation.
c. Provide series isolation and thruster shutoff valves.
D, Ensure system integrity prior to propellant loading.
E. Leakage not to exceed
TBD SCCS valves
TBD SCCS tank
TBD SCCS fittings
F, Design to eliminate sources of ignition.
G. Design system to minimize points of potential leakage.
H. Ensure correct fire protection equipment is available.
I. Ensure fuel containment and drainage are adequate.
. Ensure system integrity after loading.
K. Ensure procedural operations do not create hazardous conditions.
L. Ensure correct valve positioning prior to creating a "wet" system.
M. Purge Orbiter bay with GN2 prior to launch.
N. Monitor orbiter bay atmosphere.
0. Monitor valve positions.
Pressure
All Systems
A. Use a 4:1 safety factor on plumbing.
B. Provide overpressure protection and controls on GSE.
C. Ensure procedures preclude overpressure. Provide burst disc and/or

relief device at 10 percent above maximum operating relieve to

closed vent system.
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D. Control thermsl conditions of hydrazine tank to 110°F maximum
under all conditions.

E. Monitor tenk pressures.

F. Pressure test at no greater than 1/4 maximum operating pressure.

G. Provide pressure relief devices.

H. Design with adequate safety factor.

I. Apply fracture control program.

J. Provide procedural controls.

K. Provide redundant pressure relief devices.

L. Monitor tank pressures and provide vent and relief override. Size
vents for maximum loading rate.

M. Provide flexibility in plumbing support.

N. Select valve operating times to preclude high surges.

o. Provide pressure limiting devices in pressurization system.

P, Provide vent and relief override.

Toxicity
Hydrazine

A, Provide protective clothing.

B. Monitor area for leakage.

C. Understand vapor dispersion characteristics for area.

D. Ensure emergency equipment is satisfactory.

E. Ensure emergency procedures are available.

F. Design to contain PTU propellant plus 10 percent, dike area.

G. Provide scrubber for vent system.

H. Ensure system is not activated.

I. Ensure drain and flush of components.

J. Test components for residuals prior to removing protective clothing.
K. Ensure procedures cover all safety aspects.

System Safety - Tug
Inhibit Functions

A, Main engine ignition
B. Main engine prevalves

C. Main tanks pressurization system




Main engine pneumatic velves

Main tank isolation valves

ACPS valves and pressurization

Thermal conditioning - engine recirc
Thermal conditioning - engine idle mode
Active thermal conditioning - engine
TVC system

GNC lasers

Fuel cell pressurization system

Override Functions

A.

4 O o o

Main tanks vent and relief valves
Overboard dump

Thermal control purge system
Primary battery circuit

Emergency battery circuit
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Section 8

EXCEPTIONS/DEVIATIONS

At the present time, the only identified exceptions/deviations from governmert
furnished safety criteria and requirements is in the area of quantity-distance
requirements for propellants on the Tug while in the orbiter bay. It is con-
sidered that this is inherent with the system and is therefore acceptable

based upon the rationale for acceptance as noted in Section 6 of this document.
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" Appendix 1

CAPTURE AND DOCKING ANALYSIS
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TUG/ORBITER CAPTURE AN} DOCKING SAFETY ANALYSIS

There are a number of assoclated events in the various phases of Tus retriceval
including the acquisition, capture, and subseguent stowage of the Tug in the
Orbiter bay. The Tug and Orbiter initielly perform readiness and gross location
actions. Thereafter, the Orbiter is the active element and the Tug is the
passive, cooperative target. The relative separation of the two is closed to
30 feet for this operation. The Shuttle Attached Manipulator System (samMs) is
then brought up to the Tug pickup fitting. The Orbiter maintains a very

close station-keeping with this fitting by keeping the SAMS grappler within

a foot of the Tug fitting. The velocity error of the SAMS grappler to

the Tug will not exceed 0.1 foot per second and 0.1 degree per second
about any axis. Thus, the SAMS is only required to complete its capture

within these distance and motion limits--a soft capture.

After capture, it is necessary to position the Tug so that it may be remated
with the tilt table. Upon remating, the mate/latch function is accomplished

to fix the Tug to the tilt table and make all the disconnects required.

The Tug is rotated into the Orbiter bay and additional vent and electrical
umbilicals are connected. Vent and dump of Tug fluids is then accomplished

with subsequent safing of the 7Tug subsystens.

A sample time line with events of safety significance is added to provide

information as to the critical néture of the capture events.
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and

2.

3.
and

Deactive/Safe Main Tug Propulsion

Verify Completion of Main Tug Propulsion Safing

This is considered a critical event since failure to completely deactivate
the Tug main propulsion could result in unprogrammed motion in the vicinity
of the Orbiter. This could occur either as a result of inadvertent
activation of the system or through propulsive venting of fluids through
the engine.

In addition, the failure to completely deactivate the system could result
in subsequent leskage of gases in the Orbiter bay.

Maneuver Tug to Preferred Docking Attitude

Visually Inspect Tug for Docking Readiness

The preferred docking attitude controls rate of rotation in addition to
other attitudes. It is necessary that these be within the conditions

desired to preclude difficulties on orbiter approach and cepture.

These maneuvers should bLe performed at TBD miles from the orbiter to
preclude impingement of ACPS exhaust on the Orbiter. In addition, at

this distance any unprogrammed motions would not affect the Orbiter.

Inhibit Tug ACPS

This is considered a critical event since fallure to completely deactivate
the Tug ACPS could result in unprogrammed motion in'the vicinity of the
Orbiter. This could occur either as a result of inadvertent

activation of the system or from leakage creating propulsive forces near
the Orbiter, ‘

In addition, the failure to completely deactivate the system could result
in subsequent leakage of gases in the Orbiter bay.

Verify All Tug Systems Safe for Docking

If we are unable to verify the safety of all Tug subsystems then the

docking operation should be performed under eﬁergency/special procedures.
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9.

It will be necessary to determine the particular system that is not
indicating safe, the condition of the safing signal, and establish
the rationale of acceptance or rejection of the indication based upon

pre-planned operational procedures.

Maneuver Orbiter to Final Docking Station

One of the critical events associated with capture and docking is the
approach of the Orbiter to the Tug. In order to maintain the Tug in

a stable position it is important to assure that the OMS exhausts do
not impinge on the Tug in such a manner as to cause unprograrmed
novement of the Tug. In addition, the exhaust plume should not deposit
contaminants on the Tug that could eventually contaminate the orbiter

bay or degrade the Tug systems for future operations.

This maneuver should result in the Orbiter being at approximately 30
feet from the Tug and with its dynamics matching the Tug dynamics
within the limits established.

Station Keep Orbiter and Attach Manipulator to Tug

The relationship of the Tug and Orbiter as established in the previous
note should be continued until the manipulator may be extended and
safely attached to the Tug. The operation of the manipulator should
be such that through normal operation or inadvertent rapid operation,

no unprogrammed motion be imparted to the Tug.

In addition, the manipulator should impart no damage to Tug structure
by improper or inadvertent operations. All human errors must be

considered in this criticel event.

Verify Physical Attachment Integrity

Since the single manipulator arm is a single point failure at the Tug/
Manipulator inferface it is important that the attachment integrity is

verified prior to moving the Tug to the close vicinity of the Orbiter.

It 1s recommended that in addition to an indicator showing a satisfactory

attachment that a physical attach iiechanism be provided to assure correct

mating of the manipulator srm and the Tug.
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10.

1l.

12,
and
13.

1k,
and
ls-

Position Tug TBD Feet From Tilt Table

Upon affirmation of a positive capture by the manipulator, the Tug should
be positioned TBD feet from the tilt table.

Since the manipulator operator cannot see the tilt table/Tug relationship
from his position two gimballed TV cameras and associated lighting will
be mounted on the tilt table. In addition, two bullseye tagets, well
illuminated, should be strategically located on the Tug base to aid in
alignment of the Tug to the tilt Table.

Remate Tug with Tilt Table

Utilizing the provided TV and bulls-eyes, the manipulator operator should

slowly move the Tug toward the tilt table, assuring alignment and parallelism
through the use of the bulls eyes.

The Tug should be guided to the point of engagment with the physical guides
of the tilt table.

Mate/Latch Tug to Base Ring

Verify Attachment

Continuing the guidance established in the remating operation, the operstor
moves the Tug to the position where the latches can be onerated. This

should assure a complete latch and capture with umbilicals firmly attached.

It is important that the attachment be verified to preclude a Tug breaking

loose and causing physical damage in the Orbiter bay.
Connect Electrical Umbilicals

Verify Electrical Umbilicals

Electrical power is required to asssure the safing of various critical

circuits such as the main propulsion system and the ACPS.
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16.
and

17.

18.

Rotate Tug to Cargo Bay

Connect Vent Lines

During the rotation of the Tug into the cargo bay it is necessary that
strict control be maintained over the rate of rotation. Any failure in
the rotation system could cause Tug damage which could subsequently harn

the Orbiter,

It is also required that all umbilicals be firmly and securely mated as

a result of this operation.

Safe Tug for Return to Earth

This is the most critical event of the Tug acquisition, capture, and
stowage operations in that if this event cannot be verified then it

ray be necessary to re-accomplish some of the operations.

ALl systems must be verified for safety prior to any further ovnerations.
In the event that any event occurs that is unplanned, the crew must have
conplete manual override of all functions and availeble pre-planned
procedures to cover the unplanned events. If the safety of the Tug
cannot be verified in these checks, the Orbiter must be capable of

depositing the Tug in space and returning to farth without the Tug.
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PRELIMINARY SYSTEM SAFETY PROGRAM PLAN
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June 7, 1973
Draft copy
McDONNELL DOUGLAS ASTRONAUTICS COMPANY-WEST

SYSTSEM SAFETY PROGRAM PLAN (PRELIMINARY)

1.0 SCOPE % OBJECTIVE

1.1 Scope

This preliminary plan defines the activities to be conducted by MDAC-W in
implementing a System Safety Program for the Space Tug.

1.2 Obvjective

The objective of this plan is to outline the methods to be utilized in deve-
loping safety design characteristics‘during the Phase A portion of the Space
Tug Program.

2.0 DEFINITIONS

2.1 Hazard Classification

Identified hazards are evaluated and classified as follows:

2.1.1 Safety Catastrophic - Condition(s) such that enviromment, personnel
error, design charecteristics, procedural deficiencies, or subsystem mal-
function will cause system or personnel loss.

2.1.2 Safety Critical - Condition(s) such that environment, personnel error,
design characteristics, procedural deficiencies, or subs&stem malfunction can
be counteracted by urgent crew action (no time available for ground/flight
crew analysis) to prevent system or personnel loss.

2.1.3 Safety Marginal - Condition(s) such that environment, personnel error,
design characteristics, procedural deficiencies, or subsystems malfunction can
be counteracted or controlled with time avcilable for ground/flight crew
analysis to prevent system and/or personnel loss.

2.1.4 Safety Negligible - Condition(s) such that personnel error, design
characteristics, procedural deficiencies, or subsystem failure will not result

in system or personnel loss.
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2.2 Hazard Reduction Precedence Sequence

To eliminate or control hazards, the following sequence or combination of i‘ems
shall be used as a minimum:

2.2,1 Design for Minimum Hazard. The major goal throughout the design phase
shall be to ensure inherent safety through the selection of appropriate design
features as fail operational/fail safe combinations and appropriate safety
factors. Hazards shall be eliminated by design where possible. Damage control,
containment and isolation of potential hazards shall be included in design
considerations.

2.2.2 Safety Devices. Known hazards which cannot be eliminated through
design selection shall be reduced to an acceptable level through the use of
appropriate safety devices as part of the system, subsystem, or equipment.
2.2.3 Warning Devices. Where it 18 not possible to preclude the existence
or occurrence of a known hazard, devices shall be employed for the timely
detection of the condition and the generation of an adequate warning signal.
Warning signals and their application shall be designed to minimize the pro-
bability of wrong signals or of improper personnel reaction to the signal.
2.2.4 Special Procedures. Where it is not possible to reduce the magnitude
of an existing or potential hazard through design, or the use of safety and
wvarning devices, special procedures shall be developed to counter hazardous
conditions for enhancement of ground and flight crew safety. Precautionary
notations shall be standardized.

3.0 SYSTEM SAFETY TASKS

3.1 Safety Analysis

The identification of hazards is accomplished by applying the safety criteria

to the system concepts/design and to the operation concepts/plans.
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The application of the safety criteria results in the cause and effect dis-
played as a hazard analysis. The hazard eanalysis is guided by the undesired
event, energy source, system/subsystem function/event, and the operational

flow of the system.

As the hazards are identified, the proposed solutions are reevaluated against
the system and operations to assure that the impact of the solution will not

provide an undesired effect upon the -system.

The techniques applied at this phase of the program are the Preliminary Hazard
Analysis and the Operational Hazards Analysis. These analyses are performed

to show gross hazards in all program events for equipment and operations. The
analysis for equipment is shown as the Preliminary Hazard Analysis and covers
hardware related hazards while the analysis of operations is shown as Operational

Hazards Analysis and covers functionally related hazards.

The purposes of these analyses are to develop a complete understanding of the
system and identify areas where control of the hazard can be accomplished by
prudent design or functional controls. The process is iterative in nature and

results in improved system design.

The analyses covers each of the following activities:
1. Pre-flight Operations
2. Flight Operations
3. Post-flight Operations

k. Refurbishment and Maintenance Operations
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The following potential hazards will be consicered for each of the activities
identified.
1. Acceleration
2. Contamination
3. Corrosion
4, Dissociation, chemical
5. Electrical
6. Explosion
T. PFire
8. Heat & Temperature
9. Leakage
10. Moisture
11, Oxidation
12. Pressure
13. Radiaticn
14%. Replacement, chemical
15. Shock
16. Stress Concentrations
17. Stress Reversals
18. Structural Damage or failure
19. Toxicity
20, Vidration and Noise

21. Veather and Environment

3.1.1 Preliminary Hazard Analysis (PHA)
A PHA will be conducted as tne initial system safety analysis task, This
analysis will be a general qualitative study of the subsystem in its operating

environment to detect and define potential‘hazarda. This analysis will identify
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features which can impair mission capability through accidental damage or

loss and aid in developing steps which can be taken to ensure that these

features are avoided. The PHA will be completed in the format shown in

Figure 5-1.

In order that correct assignment of information to the format categories can

be accomplished, it is necessary to interpret and define the column headings.

The PHA format is explained as follows. The numbers are referenced to the

encircled numbers in Figure 1.

l.

Subsystem-~This column carries the noun title of the subsystem

being investigated.

Hazardous Material/Operation/Condition--This column carries informa-
tion as to whether the material is toxic, radioactive, corrosive, ete.;
whether the operation may cause a hazardbus condition to exist; or
whether the conditions of pressure, temperature, voltages, etc., are

present,

Pogssible Incident--This column identifies the incident which is

associated with the related hazardous condition.

Worst Probable Consequence--This column provides an estimate of the

consequences to the system caused by the incident.

Hazard Category--This column identifies the level of the hazard as

defined in Subsection.

The operational hazards format is shown on Figure 2.

Planned Operation - This column carries the subsystem name and the

specific operational event being investigated.
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2. Hezard - The hazard column indicates the hazards identified as

applicable to the planned operation.

3. Hazard Classification - The hazards are classified as safety catastro-

phic, safety critical, or safety marginal.

4, Source ~ The source column contains the identification of the source

of the hazardous materiasl/operation/condition under investigation.

S. Possible Control - This column indicates the action/control to be
taken to eliminate the hazard, or reduce the risk to an acceptable

level.

3.1.3 Hazards Analysis Action

All analyses developed are coordinated with the appropriate design or operations
group for their concurrence., The information devéloped will be utilized to
control the hazards identified through application to the design by the respon-
sible engineering group. If adequate resolution cannot be accomplished at the
designer level, the hazard data will be submitted to the management level for

resolution.
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HAZARD OCCURRENCE
ACCELERATION:

Any mass which undergoes a change

in velocity,

HAZARD REVIEW CHECKLIST

POSSIBLE CAUSE

Vehicle, body, or fluid being set
into motion, being stopped, or
changing speed.

Any body being dropped.

Impact by or against another body.

Friction or resistance to body motionm,

Applied force against an unrestrained
body.

POSSIBLE EFFECTS

Seating or unseating of spring loaded
valves, electrical contacts.

Loss of fluld pressure head (cavitation).
Pressure surges in fluid systems.

Overloading of structural members.
Sloshing and entrapment of liquids.

Deflection of flexible or shock fsolated
parts.

Deflection of piping.

Propellant vent turbulence.

Injury to personnel.

CONTAMIRATION:

Any system or equipment: Open
to entry of dirt, dust, or
other contaminants.

In presence of contaminants.
In vhich contaminants can be

Poor quality control.
Polymerization.

Microbial growth,

Inadequate protection from con-
taminants.

Deterioration of fluide; a breskdown or
alteration of fluids by direct chemicsl
reaction; particle surface catalysis;
hest from friction; formation of sludge;
emulsification with water.

formed. Filtration system overload or Increased friction between sliding surfaces.
failure. Degradation of performence.
Solvent rasidues. Clogging and blocking of lines, valves,
Inadequate solvent for cleaning. regulators, filters, nozzles, orifices.
Tropical environment. Scoring and abrasion of closely fitted
‘ Salt environment. moving surfaces.
Oxide scale. Flammable contaminants in air being com-
Wetal particles, pressed may ignite.
Airborne dirt. Large particles in fluids may erode lines
Silica sand. and equipment.
Lapping compound. Impact of fast moving pieces may crack or
Process residues, bresk lines and equipment.
Organic fibers. Fungus growth.
Plastic and elastomer fragments. Electrical leakage.
Misalfgnment or poor fitting of parts. Increased corrosion.
Penetration of resilient materials.
Reduction in lubricity.
Valve seating interference.
Altered flow directfon.
CORROSION:

Metals which react with atir.

Any system with reactive chemicals.

Materials susceptible to moisture
or airborne sslts.

Lack of compatibility of waterials
as designed.

Leakage of corrosive or reactive sub-

stances;

Exposure to unforeseen environment.
Damaged protective surfaces.
Flooding or immersion.
Condensation of atmospheric
moisture.

Electrolyte corrosion (dissimilar
metals).

Stray electrical currents.
Vibration and fatigue.

Salt atmosphere.

Material degradation.

Changes in physical and chemical
properties,

Reduction in strength.

Sutrface roughness.

Binding of moving surfaces, nuts,
other parts.

Contamination of the system.

Loss in resiliency of springs.

and

DISSOCIATION,
CHEMICAL:

Monopropellants, fuels or
oxidizersa.

Explosiveas,

Organic materials.

Epoxy compounds.

Temperature of compound raised to
point reaction begins.

Presence of suitable catalyst.
Shock.

Explosion.

Nonexplosive exothermic reaction.
Material degradacion.

Toxic gas production.

Corrosion fraction production.
Swelling of organic materisls.
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ELECTRICAL:
Shock Any "ive" electrical circuit. Contact with live circuit erroneous Personnel
Power generators. connection. - Electrocution
Natural electrical sources Pailure to dischsrge capacitive Clamping
. (Lightning) circuit.. Involuntary reactions
Dry plastics and organic Cutting through insulation. Interference with performanc
e ww = m~ materisls (static electricity). Touching part of short circuit. -——— e = - —- ———— - -
Battaries. Short circuit Burnout of
- . equipment.
Thermal  Other electrochemical reactions, Erroneous connection, Melting of soldered cconnections.
Faulty coounector, Ignition of combustiblas,
Ground at wrong point. Increased temperatures.
Live wires touching. Personnel burns.
e maann Dirt, contamination or moisture. P T T bl
Inadvertant Activation Breakdowm of dielectric. Firing of ordnanca devices.
Stray euergy due to inductive or Untimely elsctricel equipment starcs.
capacitive coupling. Endangering of personnal working on
Static electricity discharge. circuits or equipment.
Lightuing strike.
Inadequate electrical iasulstion,
Electrostactis discharge.
e -— Tauley ¢ tor or ¢ tion.
Corrosion. ki e L Rt
Dirt or other coataminatiou.
Hoiseture.
Excessive solder.
Cut wires, ¢
Bent pins.
Improper wiring.
Improper mating.
Worn keyways.
Poor aligument devices,
Pover Source Failure Inadequate electrical protection. Entire system inoperative.
: Overloading of electrical equip- Necessary equipment unavsilable.
meat. Release of holding devices.
Ioadequatq beat dissipacioa, Interruption of commusicstiouns.
Bigh resistance circuits. Detection snd warning devices
Sparking end arcing. ioactivated.
o e e e — - Welding or buildup of contsets. o o e hem e m— .= ——— o ———
Lack of adequate grounding.
Electrolytic action.
Misapplied test equipment power.
Photosensitive materials.
Lack of "fatil-safe'" design.
Lack of "backup" equipment.
Pover suryes csusing circuit
breaker activation.
Radar equipment operation.
’l:::tro-wnc Communication equipment operation. I:;:::::::“ vich alectronic equipment
{ation Wuwlear detonation, Heating of matal parts by faoduction amd
. sddy curreats.
EXPLOS TOM:
Ordnance or munitions syetewms. Inadvertent activation of: Rupture of engines, motors, or other
Any fuel eystenm. High explosives. pressurized container.
High pressure equipment. Propellant explosives or com- Blast.
Cryogenic 1liquid system, bustible gases in containers Overpressures (impulse energy).
or confined spaces. Collapse of nearby containers.
Pine dusts and powders. Damage to structures and equipment.
Combustibla gases or liquids. Propagation of other explosions.
In high concentrations. Fragmentation,
In presence of strong oxidizers, Holing of nearby containers and vehicles.
At high temperatures, Impact of pieces agsinst personnel equipmen
Activation of cracked or otherwise and structures.
defective solid propellant motors. Dispersion of burning, hot, combustible, o1
Afterburning of confined com- corrosive materials.
bustion products. Heat (sea haat and high temperaturs).
Delayed combustion in & firing Dispersion of toxic materisls.
chamber. Injury to personnel.

Cold soaking of solid propellants.
Overpressurization of boilers,
accumuslators or other pressure
vessels.
Waraing closed cryogenic or othar system
containing highly volatile fluid.
Contact betveen water or wmoisture with
water-sensitive materials such as
* molten sodium, potassium or lithium;

' concentrsted acids or alkalis; or

similar substances,
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1. All normally combustible 1
waterials:
a. Fuels
(1) Propellants: liquid, solid,
or gel.
(2) Engine use: diesel oil,
gasoline, JP & RP fuels,
(3) Engine start: athylene
oxide, TEA, TEB.
(4) Auxiliary power unit:

hydrazione.
(5) Heating: keroeens, fuel
oftl,
b. Solvents and cleaning agents.
¢. Lubricants.
d. Welding gases,
e. Paints and varnishes.
f. Coolants: ammonia.
g. Elastomers (seals and gaskets)
h. HRydraulic fluid.
i, Wood products.
j. Plasttcs.
k. Clothing.
1. Vegetation.
m. Refuse and trash.
n, Other organic materials.
2. Normally low combustible mater-

ials in presence of atrong oxidi-
zers or high temperatures:
a. Solvents - trichloroethylene,
methylene chloride.
b. Lubricants.
c. Hydraulic fluids.
3. Normally nonflammable metals
in finely powdered form:
a. Aluminum,
b. Magnesium,
c. Titanium.
d. TIron,
4. Afterburning of products of
combustion of engine operation:
Carbon monoxide.

. Coumbustible mixture with
initiating sources such as:
a. Open flame
(1) Welding processes and flame
cutting.
(2) Matches, smoking.
(3) Gas heaters or process equip-
ment.
(4) Engine exhaust.
(5) Nearby fires.
b. Sparks.
(1) Electrical
(2) Mechanical
(3) Chemical - Carbon
c. Catalyst

2. Combustible mixture heated to

sutoignition temperature by:
a. External heat sources.

Heat and 1ts effects.

Loss of oxygen.

Production of toxic geses and smoke.
Production of corrosive materials.

Burns to personnel.

Explosions.

Renders equipment inoperative.

Destruction of material and resources.
Carbonization and contamination of materiel.

(1) Electric heaters or hot plates.

(2) Boilers, radiators, steam
1lines and equipment.

(3) Operating engines, motors or
compressors.

(4) Exhaust stacks or manifolds.

b. Friction.

c. Inadequate dissipation of
chemical reaction heat (spon-
taneous ignition).

(1) 0ily rags.
(2) Sawdust, excelsior.
(3) Powdered plastics,

d. Compression of flammable
mixture,

e. Hypergolic mixture, including
sensitivity to water.

f. Pyrophoric reaction with air.

g. Radiation from nuclear detonati

on.

HEAT & TEMPERATURE:
High Tewperature

Any fuel consuming process.

Other exothermic chemical process.
Electrical equipment.

Solar energy.

Biological or physiological
processes.

Moving equipment or parts.

Fire or explosion.

Other exothermic reaction.

Heat engine operations.

Electrical energy losses,

Aerodynamic or other vehicular
friction.

Friction between moving parts

or vehicle and surrounding medium.

Gas cowpression.

Inadequate heat dissipation
Cooling system failure

Welding, soldering, brazing, or
wetal cutting.

Proximity to operations involving large
amounts of heat (radiation, convection,

conduction).

Iomersion in hot fluid.

Lack of insulation,

Exposure to sun or artificial light.
Hot climates or weather.

Human or animal heat output,

Organic decay processes.
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Ignition of combustibles.
Initiation of other reactions.
Melting of metals,
Charring of organic materials.
Increased reactivity.
Reduced materiel strength.
Reduced equipment life.
Distortion and warping of parts.
Expansion of solids and liquids.

Increased evaporativn rate of liquids.

Expansion may cause binding or lvosening
of parts.

Increased gas diffusion.

Reduced relative humidity.

Increased absolute humidity.

Breakdown of chemical compounds.

Personnel burns.

Reduced personnel afficiency.

Heat cramps, strokes, and exhaustion.

Peeling of finishes, blistering uof paint.
Evaporation or decreased viscosity of
lubricants.

Changes in electrical characteristics.
Softening of insulation sud sealants

Opening or closiag of elccritical coaracts
due to expansioun.



Low Tesperature

Any heat removal process,
Refrigerating or cryogenic
systems.
Polar, high altituds, or
. winter conditions.

Temperature
Variacions

Any -;-u- or part which gains
or losas heat.

Cold climate or weather.
Endothermic reactions.
Exposure to heat sink.
Mechanical cooling processes.
Gas expansion.

Rapid evaporation,

Inadequate heat supply.

Heat loss by rediation, com-~
duction, or convection.
Solid propellant cold soaking.

Cain or loss of heat due to
radiation, conduction, or
convection.

laput of electrical energy.
Gas expansion.

Diurnal heating and cooling.
Stopping and starting of hea
engines. ‘

Freezing of liquids.

Condensation of moisture.

Reduced reaction rate.

Frostbite or cryogenic burns.

Reduced viscosity.

Increased brittlenass or metals.

Loss of flexibility of orgenic msterisls.
Fuel blend stratification,

Contraction effects.

Propellant cracking.

Delsyed ignitien, and combustion instability
in ergines. :
Icing of operating equipment.

Decressed viscosity of lubricants.

Changes in electrical characteristics,
Jammirg or loosening of woving parts dua to
contisction,

Dimension changes, expecially in metals.

Pressure changes in confined gasas and
liquids.

Imposition of stresses in and cracking of
naterials with low coefficients of
expansion.

LEAKAGR:

i Any vessel or conductor which
contsins or is immersed in a
fluid,

Cracks caused by structural failure.
Hole caused dy impact,

Porosity or other weld defect.
Inadequately fitted or tightened
parts.

Fittings loosened by vibration.
Corroded metale or sesals,

Worn parts.

Excessive fluid pressure.

Cuts in orgenic msterials (seals,
gaskets, hoses)

Poorly designed connections.

Dirt or other solid contamination.
batween mating surfaces.

Brroneously opaned drains or
fictings.

Overfilling of containers.

Release of toxic, corrosive, radiosctive,
flammable, or otherwise reactive matarial.
Loss of system fluids,

Loes of system pressure.

Loss of lubricants.

Contemination or degradation of materials
in & container.

Short circuiting of electrical aquipment,

MOLSTURE: .
Righ Rumidity

Wet climste or westher,
Proximity to bodies of water
Moisture producing processes.
Inflow of underground water.

Large samounts of vesetation.

Personnel ia i1nacequately
ventilated enclosures or
equipment.

High atmospheric humidity.
Rain, snow, hail, ice, or dew.
Flooding and immersion.
Leakage.

Perspiration,

Tewperature decrease vithout
removal of moisture. .

Malfunction of air condition-
ing equipment.

Condensation on cold surfaces.

Presence of humidifying equip-

ment.

Contact with water-absorbent
smterials such as concen-
tratad acids and alkalis,
amsonium perchlorate.

Corrosion.

Blectrical short circuiting.

Personnel discomfort.

Contsmination.

Leaching of solid propellant imgrediemts.
Clouding of viewing surfacas.

Icing of equipment and aerodynsmic surfaces.
VYiolent reactions, explosions, or fire with
wvater-sensitive wmateriale.

Swelling of water absorbent materials.
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Low Numidicy

Dry climmtes or weather,
Proximity to hot, dry processas.

Lov atmospheric humidity.

Tewperature increase without addition
of moisture.

Operation of dehumidifying equipment.

Static electricity genaration,

Dehydration and cracking of organic msterials.
Dehydration of personnel.

Dehydration and cracking of skia.

High cooling rate on exposed body surfaces.
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OXIDATION:

Missile propellants.
Welding oxygen,

Oxygen for respirstory pro-
tective equipment.
Laboratory chemicals.
Process chemicals.

Cleaning compounds.

Chemical combination involving
oxidants such as:

Oxygen or ezone.

Halogens or halogen compounds.
Oxidizing acids and their salts,
Nitrates, chlorsates, perch-

lorates, hyperchlorites,

chromtes.

Higher valence compounds of
wercury, lead, selenium, and

Increased reactivity of combustibles.
Easler ignition.

Normally low flammable materials may burn
easily.

May cause violent or explosive reactions.
Partner in hypergolic reactions.
Corroaion.

Forms explosive gels with sowe fuels.

Deterioration of rubber, plastics, or other
organic materials.

thallium. Almost all volatile strong oxidizing sgents
but oxygen are toxic.
ERRSSURE-
High Hydraulic systems. Overpressurization. Contafiner rupture,

Poeumatic systems. No pressure relief or vent. Blast.

Cryogenic systems. Faulty pressure or relief valve, Yragmentstion. ~

Pressurized containers Hesting of fluids with high vapor Propelling of container.

Bollers pressures. Hose whipping.

Undervater vehicles. Warming cryogenic liquide in a . Blowing other objects (eye hszards).

Engine cylinders. closed or insdequately vented Increased reaction rate.
system, Skin penetration.
Impact. Lung damage.
Blast. Cutting effects.
Container hit by fragmeants. Shock.
Faflure or improper release of Leaks in lines and equipment designed
connectors. for lower pressures.
Inadequate restraining devices. Dimensional changes.
Rapid submersion. Actuation forces and opposition,
Deep submersion
Water hammer (hydraulic shock)

Low

Vacuus systems.
High altitude vehicles.
Space vehicles.

Rapid Changes
High altitude wvehicles.
Space vehicles.
Underwater vehicles.
Compressing or pumping equip-
went .
Adrfolils.
Carburetors.

- Compressor failure,

Increase of altitude without pressure
relief

Inadequate design against collapsing
forces.

Increase in altitude without suitable
respiratory equipment.

Rapid condensation of gas in a closed
system.

Decrease in gas volume by combustion.

Unbslanced forces,

Collapse of pressure vessels.
Inadequate breathing atr.
Inadequate combustion air.

Leaks.

Bursting of pressurized veessels.
Physiological damage (atelectasis).

Cooling of hot gas in a closed system.
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Rapid expansion of gas.

High gas compression.

Rapid changes of altitude.

Loas of cabin pressurization at
high altitudes or in space,

Joule-Thomas cooling.
Compressive heating.
Explosive decompression.
Physiological disturbances.
(cramps, bends, chokes)

RADIATION:
Thermal
(Infrared)

Any heat producing body or
process.

Zlectromagneci
Radar equipment. :
Communication equipument.

Ionizing

Radiocactive omterials.
X-ray equipment.

Radar equipment.
Communications equipsent.
Nuc lear weapons.

Solar radiation.
Flames.

Inadequate contatnment of radiocactive
materials,

Inadequate protection of equipment.
Excessive exposure to ionizing

source,
"7 TfMeraviorer T TTTTmTTemTEmTEemnmem TTeTmmTees TTeTTmmmTTee TTTTTemeeTT
Electrical welding processes. Sunshine.

Light sources.

Welding arcs.
Germicidal lamps,
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Undesitable heat gain (see Righ Temperature

under Heat).

Highly heated surface. Overheating.

Skin burns.

Charring of organic materials,
Radar equipment operation, Initiation of ordnance devices.
Communications equipment operation. Interference with operation of other

electronic equipment.

Tissue damage.
Degradation of material strength.

Decomposition of chlorinated hydrocarbons
into toxic gases. .

Ozone or nitrogen oxide geuneration.
Vision damage.

Deterioration of materiel.

Color fading.




REFLACEMENT,
CHEMICAL

Fluorine and water,
Sodium and water.
*Nitric acid and water,

Replacement of a chemical radical
by a pore active one.

Exothermic reactions.
Explosions.
Violeat spraying of corrosive materisl.

SHOCK:

Any part or piece of equip-
mant.

Impact.

Handling and transportstion dammge.
Blast.

Pneudraulic actuated devices.
Acceleration.

Flectroexplosive detonating devices.
Water hamner,

Vibrations caused by heavy equip-
ment.

Breakage of cables, ropes, chains, pin.
Fracture of brittle materials.
Detonsation of sensitive explosives,
Normally closed contacts may open,
Normally open controls, 'valves, contacts
way close.

Parts vay be displaced.

Hinged parts may open or close.
Disruption of wetering equipment.

STRESS CONCENTRATIONS®

Any losd carrying part or solid
saterial.

Shatvp corners, expecially at line
wvhere two right angle planes meer,
Res{duals caused by menufacturing
processes such ss machining,
grinding, extruding, drawing.
Surface treatment, such as shot
peeniog, cold working, plating.
Assrmbly etresses caused by shrink
or press fits, torquing

Surface roughening due to corrosion,
action, abrasion, erosion.

Notch sensitivity due to acratches
or blows,

Tempersture varistions on poor con-

ductors, due to heating, cooling, or

heat treatment.
Welding arc start indentations,

fyclic changes in stress from tension

to cowpression,
Wide variations in temperature.

Cracking.

Chipping.

Structural fajlure,

Reductions in corrosion resistance.

chemtcal

Change from high pressure to vacuuw (or
vice versa) without suitable equalization.

STRESS REVER! H
Vibrating or oscillating equip-
ments,
Flexing panels.
Cryogenic equipment.
High temperature equipmwent.
Vacuum equipment.

Cyclic changes {in stress from tension
to compression,

Wide variations in temperature.
Change from high pressure to vacuum
(or vice versa) without suitable
equatization,

Structurat failure.
Reduction {n corrosion resistance.
Delaminations of inyered material,

STRUCTURAL 14
OR_FAILURE:

Any part, plece of equipment,
vehicle, structure, container,
or connector.

Tmpact and shock.

Blast.

Rough handling.

Ob ject dropped on hard surface.

Hard object dropped on vulnerable
part.

Momentum asgainat hard nobject
(collision).

Rending - Distortion which prevents an

object from:

Fulfilliog its function.

Fitting into another part.

Meintaining alignment of parts. In rotating
equipment this may result in damage to
other parts, vibration, noise, or shock.
Reing removed from another psrt.

Moving object hitting vulnerable part.Cracking - Initlal failure at a surface or

Rotat ing part hitting forelen object,
Inadequate deafgn strength,
Overloading.

Reduction of atrength by:

Corrosfon,

Stress concentrnticons,
Poor workmanship
Crimping.
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edge crescing:

Stress concentrations leading to mure serious
failures such as breakiug or rupture.
Leakage of fluids.

Rough sur{aces,.

Regions contaminants may sccumulste.

Regions corrosion may take place,

Breaking - Separation of an object by failure



STRUCTURML, DAMACE
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Excessive centrifugal force.
Overpressures due to internal or
external fluids.

intu two or mure parts:
Parting of cables, chains, slings
Rupture of pressure containers or lianes.

Poorly fitted or inadequately tightened Tearing of uaterials.

parts,

Overtorquing.

Loss of strength due to high tem-
peratures.

Expansion and distortion of parts
due to heating.

Brittleness and loss of ductility due

to cold.
Exposure to aerodynamic loads.
High accelerations,

Chafing of parts caused by vibration

or other motion.
Fatigue due to vibration,

Cutting or punching by sharp pointed

objects,

Shearing of wecal or plastic parts, bolcs,
or pins.

Twisting or torquing of shafts, nuts, or
boles.
Crushing or collapse of containers or
SCructures,
Shattering or brittle materials,
Splitting away of a portion or extension
of a body from its olin mass.
Crimping - Cutting into & wire, cable, or
pipe by a sharp objecr.
Reduces strength perultting easy breakage.
Creates & high resist&nce point in
electrical wires,
Reduces or blocks the flow of fluid.
Permits leakage of fluid.

TOKICITY:

Any substance whose presence in
relatively small amounts will
produce physiological damage
or disturbance.

Any situation where a lack of
breathing oxygen mey exist.

Toxic gases, liquids, or wetal
particles,
Inadequate oxygen present for
respiration:
High altitudes.
Dilution by inert gases.
Combustion involving oxygen.
Lack of ventilation in uccupled
space.
Inadequate respiratory protection.
Inadequate skin protection.
Inadequate personal cleanliness.
Accidental ingestiou.
Outgassing of substance at low
ambient pressures.

Irvitation of eyes, nose, throat, or
respiratory passages.

Respiratory systew damage.

Blood asystem damdge.

Dawage to body organs.

Skin damage (dermatitis)

Nervous system effects (narcosis, snesthesia,
paralysis, nerve damage).

Annoyance by foul odors.

Reduction of persovanel efficiency or
capabllities.

Destruction of vegetation,

VIBRATION AND NOISE:

Auny type of wechanical equip-
ment or parts.

Rotating or reciprocating equipment.

Transportation.
Engine exhaust.

Flutter or buzz of aerodynawic surfaces.

Water hammer (hydraulic shock).
Vibrating tools.

Misalignment of equipuent, loose
mountings.

Worn bearings.

High velocity fluid hitting a sur-
face or object which can vibrate,

Cavitation in puaps aud blowers.

Fractuce of brittle materials.

Loosening of bolted or other thresded parts.
Uucuordination and fatigue of personnel.
Pressure waves,

Interference with communicationse.

Dectease in wetal corrosion resistance,

Metal fatigue or other changes (n
cryscalline structure.

Chattering of spring type contacts, valves.

Polnter type devices may glive false readinys.

WEATHER AND
ENVIRONMENT :

Any out-of-doors location.

Moisture

Rain

Clouds

Pog

Snow

Hail

Extrewme cold
Extreme heac
Solar radiation
High winds
Inversion
Airborne salts, dust, dirt, fungi
Lightning
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High huwidity couditions.

Low humidity conditious.

Ultraviolet radiation effects.

Infrared radfation effects.

High temperature etfects,

Low temperature effects.

Temperature change effects,

Corrovulon.

Contamination,

Pressure effects on large surfaces may
cause structural overloads, wovement, or
toppling.

Loss of visibility due to fog, clouds,
condensation,

lwpact damage by hail.

Inversions may reflect noise or vibration.

Inversions may preveat convection of toxic
gases. -

Electrical shock, inadvertent activation,
d{sruption of power syeotems, electro-
magnetic effects.
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SAFETY CRITERIA AWD REQUIREMENTS
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